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1

SYSTEM FOR SUPERVISING AND GUIDING
PERSONS IN CONSTRUCTION

BACKGROUND OF THE INVENTION

The present invention relates to a system for supervis-
ing and guiding persons in constructions such as build-
ings, underground markets, underground substations
and tunnels, and more particularly to a system for super-
vising workers in a construction who are engaged in
various work such as inspection, maintenance and re-
pair, and informing them of guided instructions ade-
quate for emegency escape upon a disaster such as fire,
flood and earthquake.

Heretofore, in order to give persons in a construction
information for emergency escape upon a disaster such
-as fire, there are provided guide lamps for indicating
emergency exists and ladders and loudspeakers for an-
nouncing the guide information. However, such a sys-
tem 1s not sufficient for guiding effectively and posi-
tively the persons into safe places. This 1s mainly due to
the fact that operators of a central control room respon-

sible for providing the guide information are unaware of

the location of the various persons. In order to mitigate
the above drawbacks, in Japanese Patent Application
Laid-open Publication No. 98,199/76 there has been
proposed a system for providing the guide information
in accordance with a distribution of persons in a build-
ing, which distribution can be obtained by processing
electric signals supplied from a number of contact
switches arranged over the floor of the building in a
matrix form. However, in such a system, a number of
switches have to be arranged over the floor, and thus it
1s practically difficult to apply such a system to existing
buildings. Moreover, the switches are subjected to wear
and cannot be used for a long time. Moreover, there has
been proposed a security system comprising sensors for
detecting the passage of persons through entrances and
exits. However, in such a system it is entirely impossible
to recognize the locations of the persons.

In the constructions such as underground substations
and tunnels in which there are a relatively small number
of workers, there is usually provided a system for guid-
Ing the workers into safe places by means of a wireless
communication system such as a combination of an-
tenna cable and transceivers or portable communication
devices, and a wire communication system such as a
local telephone system. In such a system, a central con-
trol room can know positions of workers in the con-
struction only by receiving messages from the workers.
Therefore, if 2 worker 1s'in a situation where he cannot

3

10

15

20

235

30

35

435

50

send a message, the central control room cannot recog- |

nize him.

SUMMARY OF THE INVENTION

The present invention has for its object provision of a
novel and useful supervising and guiding system which
can mitigate the above mentioned drawbacks of the
known systems and can send guide information ade-
quate for emergency escape by individual persons in
disasters.

It 1s another object of the invention to provide a
supervising and guiding system which can inform per-
sons of various kinds of information such as commands
for protection and rescue and instructions for emer-
gency escape upon disasters, while positions of persons
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in a construction can be recognized precisely without
such persons sending any messages.

According to the invention, a system for supervising
and guiding persons in a construction divided into a
plurality of sections comprises:

a plurality of receiving means each provided in re-
spective sections for receiving radiation emitted from
One Or more persons in a section to produce a signal
representing the existence of persons in the relevant
section, for supplying the signal to a central control
room together with a signal identifying the relevant
section;

means arranged in the central control room for re-
ceiving the signal supplied from the receiving means
provided in the relevant section in which one or more
persons are situated;

means provided in the central control room for dis-

‘playing the detected position of the section in the con-

struction; and
means provided 1n the central control room for send-
ing information to the section.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view showing an embodiment
of the system according to the invention using infrared
radiation emitted from human beings;

FIG. 2 1s a block diagram illustrating another em-
bodiment of the system according to the invention using

electromagnetic radiation emitted from a transmitter;

FIG. 3 i1s a schematic view depicting the construction
of a section of the system shown 1n FIG. 2;

FIG. 4 1s a graph showing attenuation of infrared
radiation in smokes of various materials; and

FI1G. 5 1s a block diagram illustrating still another
embodiment of the system according to the invention
using ultrasonic radiation emitted from a transmitter.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 1s a schematic view showing an embodiment
of the supervising and guiding system according to the
invention. According to the invention, a construction 1
such as an underground substation i1s divided into a
number of sections 3a, 35, 3¢ ... It should be noted that
the sections are not always separated by partitions such
as walls, but may be continuous. The system comprises
a central control room 2 which may or may not be
provided in the construction 1. In each section, there 1s
provided a receiver 4 having an infrared receiving ele-
ment for detecting infrared radiation having a wave-
length of about 5 to 20 um emitted from a human body,
1.e. worker 12. The receiver 4 may be provided on a
ceiling or wall. In order to detect positively infrared
radiation emitted from persons situating anywhere in
the construction 1, the receivers 4 are provided not only
In rooms but also in passages, stairs etc. The number of
receivers 4 to be provided in the construction 1 1s deter-
mined in accordance with various conditions such as
incident angles of receivers, obstacles, height or level at
which the receivers are arranged, and so on. The larger
the number of receivers, the higher the accuracy of
position detection. In such section there 1s further pro-
vided a fire detection sensor 5 which may be a heat
sensor of a differential, compensating or constant tem-
perature type, a smoke sensor of an ionic or photoelec-
tric type, or an oxygen sensor of ceramic type for de-
tecting an oxygen concentration. In the central control
room 2 there are provided a position detection device 7
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for detecting positions of workers 12 by processing
signals supplied from the receivers 4 under the control

of a central processing unit 6, a display device 8 for
displaying detected positions of the workers in the con-
struction 1, a fire detection device 9 for detecting a fire

and its position by processing signals supplied from the
fire detection sensors 5 provided in respective sections
3a, 3b, 3c ... in the construction 1, and a transmitter 10
for transmitting command and guide messages for pre-
venting the fire and guiding the workers into safe
places. The messages are supphed to loudspeakers 11
provided in respective sections in the construction 1. It
should be noted that the loudspeakers 11 may be re-
placed by wireless transmitter-receivers which are pos-
sessed by respective workers 12.

When a fire takes place at a section in the construc-
tion 1 and is detected by a fire sensor 5§ provided in the
relevant section, a fire detection signal is supplied to the
fire detection device 9 in the control room 2 and then
- the fire detection device 9 and central processing unit 6
analyze the signal to detect the section at which the fire
has been detected and the condition of the fire. Then,
the detected position and condition of fire are displayed
on the display device 8 in the central control room 2. At
the same time, the receivers 4 in all the sections 3a, 35 .

. always receive infrared radiations emitted from
workers 12 and electric signals representing existences
of workers in respective sections are supplied to the
position detection device 7 in the central control room
2. Thus the position detection device 7 and central pro-
cessing unit 6 recognize positions of workers 12 in the
construction 1. Then the central processing unit 6 oper-
ates in accordance with a suitable program to find the
best escape routes on the basis of the position and condi-
tion of the fire and the positions of workers. The de-
tected escape routes are displayed on the display device
8 in the control room 2. An operator in the central
control room 2 can then transmit to the workers various
instructions and information for the prevention of fire
and for emergency escape. For instance, if one or more
WOTKErs are in one or more sections near the section in
which the fire has been detected, the control room 2 can
send them a command for the prevention of fire. Fur-
ther, when it 1s recognized that a worker has not acted
so as to escape but 1s considered to have lost sense, the
central control room 2 can send a rescue command to
one or more workers who are situated near the section
inhabited by such worker. According to the invention,
even if a worker loses his way due to thick smoke, he
~ can receive instructions regarding the best escape, be-
cause the central control room 2 can always grasp his
position in the construction without receiving any mes-
sage from him. In this manner, the workers can be eftec-
tively and positively protected from the disaster and
particularly from death.

In this embodiment, respective sections, i.e. the posi-
tions of workers and the sections at which the fire takes
place, should be detected or identified by the central
control room 2. This can be realized by any one of

various known methods. For instance, respective re- 60

ceivers 4 and fire sensors 5 may be connected to the
position detection device 7 and fire detection device 9
by means of separate electrical conductors or optical
fibers. It is preferable to utilize the frequency or time
multiplex method. In such a case, various signals can be
sent via a single common transmission line, thereby
rendering, the system simple. For instance, in the case
of using the frequency multiplex method, a signal de-
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tected by the infrared radiation sensor 4 of a section

may be modulated on a carrier having a frequency spe-
cific to the relevant section. The modulation may be

either frequency modulation or amplitude modulation.
In the central control room 2 the reievant section can be

identified by discriminating the carrier frequency and
by demodulating the modulating signal. In the case of
using the time multiplex method, specific codes are
denoted to each section and the signals from the sensors
4 and 5 may be sent to the central control room 2 to-
gether with the specific codes.

FIG. 2 is a block diagram showing another embodi-
ment of the system according to the invention. In this
embodiment, a construction 21 is similarly divided into
a number of sections. In the drawing, a construction of
only one section 21a is shown. Every worker 22 work-
ing in the construction 21 possesses a transmitter 23 for
transmitting an electromagnetic wave modulated by a
worker identifying signal having a frequency specific to
a particular worker, and a communication device 24 for
effecting an intercommunication between workers and
a central control room 26, and between respective

‘workers, by means of an electromagnetic wave. The

transmitter 23 and communication device 24 are in-
stalled in a device possessed or worn by the worker
such as a helmet 25, so that the worker 22 can easily
carry them. As illustrated in FIG. 3 the electromagnetic
wave is projected upward from the top of heimet 25. On
a ceiling of the construction 21 there are arranged fixed
sensors 27 comprising a receiver 28 for receiving the
electromagnetic wave emitted from the transmitter 23
and a communication device 29 for receiving an electro-
magnetic wave emitted from the communication device
24 and transmitting an electromagnetic wave toward
the device 24. As shown in FIG. 3, a fixed sensor 27 1s
provided in respective sections of the construction. In
the central control room 26, there are provided a posi-

tion detection device 30 for detectmg or identifying

| 'partlcular sections by processing signals from the re-
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ceivers 28 of fixed sensors 27. To this end, a receiver 28
in a section transmits a signal received from the trans-
mitter 23 provided in the helmet 25 to the central con-

trol room 26 together with a section identifying signal
specific to the relevant section. The position detection
device 30 in the central control room 26 can recognize
each worker by section location. The detected position
of each worker is displayed on a cathode ray tube 34 of
a control panel 32 under the control of a central pro-
cessing unit 31. It should be noted that if respective
fixed sensors 27 are scanned successively by the position
detection device 30, it is not necessary that the receivers
28 transmit the signal together with the section identify-
ing signals, and therefore the whole system may be
simple. I

In this manner, by detecting the electromagnetic
waves emitted from the helmets 25 carried by the work-
ers 22 by means of the fixed sensors 27, 1t 1s possible to
identify the positions of the workers 22 in the construc-
tion 21.

In this embodiment, it is preferable that the electro-
magnetic wave has a directional property and is hardly
decayed by smoke and flame. To this end, the electro-
magnetic wave has preferably a frequency range from
100 MHz to 10 GHz. By using such a frequency range,
it is possible to detect the position of the worker pre-
cisely, even if some obstacles are existent above the
workers. In the case of using the electromagnetic wave
having a frequency lower than 100 MHz, the directional

iy
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property is decreased, and when the frequency 1s made
higher than 10 GHz, many reflected electromagnetic
waves are received. In both cases, the positions of the
workers cannot be detected accurately. Further, ac-
cording to the invention use may be made of infrared
radiation having a wavelength longer than 800 nm.

FIG. 4 shows a graph of light attenuation characteris-
tics of the infrared radiation in smokes of various sub-
stances such as o1l, wood and foamed styrene. As can be
understood from FI1G. 4, infrared radiation having a
wavelength longer than 5 um is hardly attenuated by
smokes produced by oil, wood and foamed styrene and
therefore 1s preferably used 1n the system according to
the invention. |

In the embodiment shown in FIG. 2, if the electro-
magnetic wave transmitted from the transmitter 23 has
a frequency equal to that of the electromagnetic wave
propagating between the communication devices 24
and 29, the circuit construction can be made simple.
Further, in the case of using infrared radiation, it is
possible to distinguish clearly the infrared radiations
emitted from the transmitter 23 and communication
devices 24 and 29 from that emitted from the fire, be-
cause the wavelengths are distinctly different from each
other. Moreover, in the case of using infrared radiation,
the fixed sensor 27 can detect any abnormal increase 1n
temperature which usually occurs before the fire, as
well as the existence of flames. |
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As shown in FIG. 2, in respective sections of the -

construction 21 there are arranged fire sensors 35 for
detecting the fire with the aid of heat or smoke, fire
sprinkling systems 36 for preventing the fire by sprin-
kling water, and display devices 37 for displaying es-
cape passages in the construction 21. In the central
control room 26, there are provided a fire preventing
~processor 38 for receiving a signal supplied from the fire
sensor 35 and actuating the sprinkler 36. When the fire
sensor 35 produces a signal representing the occurrence
of fire, or the fixed sensor 27 detects any abnormal
Increase In temperature, the central processing unit 31
detects the position of a section experiencing fire and
the detected position i1s displayed on the cathode ray
tube 34 on the control panel 32. At the'same time, the
central processing unit 31 can recognize the positions of
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respective workers 22, and the emergency escape pas- 45

sages are automatically calculated for respective work-
ers and are displayed on the cathode ray tube 34 as well
as on the display devices 37 in respective sections. The
central control room 26 further comprises a communi-
cation device 39 for effecting intercommunication be-
tween the central control room 26 and respective work-
ers 22 1n the construction. Therefore, the operator in the

50

central control room 26 can send to particular workers

the adequate emergency instructions on the basis of the

displayed images on the cathode ray tube 34 and the fire

display device 33 in the control panel 32.

As explained above in detall, in this embodiment since
the electromagnetic wave modulated with the helmet
identifying signal having the specific frequency is al-
ways transmitied from the transmitter 23, and the fixed
sensor 27 sends to the central control room 26 the re-
ceived helmet identifying signal together with the code
sighal denoting the relevant section, the central control
room 26 can always grasp the information concerning
not only identification of respective workers 22, but
also their positions in the construction 21, without re-
celving any message from the workers. Therefore, the
central control room 26 can send to respective workers
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very accurate and useful information about emergency
escape and mstruction for the prevention of fire, and
respective workers can act adequately in accordance
with the message from the central contro! room 26.
F1G. 5 1s a biock diagram showing still another em-
bodiment of the system according to the invention. In
this embodiment, portions similar to those shown in
FIG. 2 are denoted by the same reference numerais used
in FIG. 2. Every worker 22 working 1n a construction
21 divided into sections 21a . . . possesses a transmitter
40 for transmitting an ultrasonic wave modulated with a
worker identifying signal having a frequency specific to
particular workers, and a communication device 41 for
effecting an intercommunication between workers and
a central control room 26, and between respective
workers, by means of an ultrasonic wave. The transmit-
ter 40 and communication device 41 are installed in a
helmet 25, so that the worker 22 can easily carry them.
Then the ultrasonic wave is projected upward from the
top of helmet 25. On a ceiling of the construction 21
there are arranged fixed sensors 27 comprising an ultra-
sonic receiver 42 for receiving the ultrasonic wave
emitted from the transmitter 40 and a communication
device 43 for receiving the ultrasonic wave emitted
from the communication device 41 and transmitting the
ultrasonic wave toward the communication device 41.
Similar to the previous embodiments, fixed sensors 27

- are provided in respective sections of construction. In

the central control room 26, there are provided a posi-
tion detection device 30 for detecting or identifying
particular sections by processing signals from the re-
ceivers 42 of fixed sensors 27. To this end the receiver
42 1n a section transmits a signal received from the
transmitter 40 provided in the helmet 25 to the central
control room 26 together with a section identifying
signal specific to the relevant section. The position
detection device 30 in the central control room 26 can
recognize worker by section location. The detected
position of workers 1s displayed on a cathode ray tube
34 of a control panel 32 under the control of a central
processing unit 31.

In this manner, by detecting the ultrasonic waves
emitted from the helmets 25 carnied by the workers 22
by means of the fixed sensors 27, it 1s possible to identify
the positions of the workers 22 in the construction 21.

The ultrasonic wave used in this embodiment has a
superior directional property and 1s not substantially
decayed by smoke and flame. In the case of using the
ultrasonic wave, it 1s not necessary to provide means for
suppressing various noises in the atmosphere such as
electromagnetic waves and hght. Further, when use is
made of the ultrasonic wave having a frequency higher .
than 20 KHz, it does not affect human beings at all.

The remaining construction of the system in the pres-
ent embodiment is entirely the same as that of the previ-
ous embodiment illustrated in FIG. 2.

In this embodiment, the transmitter 40 transmits an

“ultrasonic wave and the communication devices 41 and

43 also transmit ultrasonic waves. T herefore, the ultra-
sonic wave emitting elements of the transmitter 40 and
communication device 41 may be a2 common single
element. In this case, a carrier having a specific fre-
quency may be modulated in accordance with the
speech signal to be transmitted from the communication
device 41. Then the transmitter 40 may be a simple
oscillator for generating the carrier. Further, the com-
munication devices 41 and 43 may be formed by wire-
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less communication devices using electromagnetic

waves.
What is claimed is:
1. A system for supervising and guiding persons in a

construction divided into a plurality of sections com-
prising: |
identifying means provided in each respective section
for receiving radiation emitted from one or more
persons located in one or more respective sections,
each identifying means producing a signal repre-

5

10

senting the presence of one or more persons in a

respective section, and supplying the signal to a
central control room in such a way that the central
control room can identify said respective section;
means arranged in the central control room for re-
ceiving signals supplied from identifying means 1n
-respective sections in which one or more persons
are situated; |
means provided in the central control room for dis-
playing the detected position of said respective
sections in which one or more persons are situated;
means provided in the central control room for send-
ing information to persons in said respective sec-
tions in which one or more persons are situated;
means provided in each respective section for detect-
ing an abnormal condition occuring in respective
sections and producing a signal, and means pro-
vided in the central control room for responding to
said detection signal; |
means provided in the central control room for gen-
erating information adequate for emergency escape
on the basis of the detected positions of persons and

the positions of sections in which the abnormal

condition has been detected, and means for display-
ing the information together with the detected
positions of persons; and
means provided in each respective section for dis-
playing said information adequate for emergency
escape. |
2. A system according to claim 1, wherein said re-
celving means comprises an eiement for detecting infra-
red radiation emitted from a person.

‘3. A system according to claim 1, wherein said re-

ceiving means comprises an element for detecting radia-
tion emitted from a transmitter possessed by a person.
4. A system according to claim 3, wherein said trans-
mitter 1s conducted to emit infrared radiation.
S. A system according to claim 4, wherein said infra-
red radiation has a wavelength longer than 800 nm,
preferably longer than 5 pm.

6. A system according to claim 3, wherein said trans-
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mitter is constructed to emit an electromagnetic wave.

7. A system according to claim 6, wherein said elec-
tromagnetic wave has a frequency within a range from
100 MHz to 10 GHz.

8. A system according to claim 3, wherein said trans-
mitter possessed by the person is constructed to emit

55

60

65

8

caid radiation which is modulated in accordance with a

person identifying signal having a frequency specific to
said transmitter, and said central control room further
comprises means for detecting the person identifying

signal.

9. A system according to claim 3, wherein said trans-
mitter is constructed to emit an ultrasonic wave.

10. A system according to claim 9, wherein said ultra-
sonic wave has a frequency higher than 20 KHz.

11. A system according to claim 3, wherein said trans-
mitter is installed in a device possessed or worn by a
person.

12. A system according to claim 11, wherein said
device 1s a helmet worn by a person. |

13. A system according to claim 12, wherein said
helmet further comprises a communication device 1n-
cluding a microphone and earphone, each section fur-
ther comprising a transmitter-receiver, and said central
control room further comprises a communtcation de-
vice for effecting an intercommunication between the
central control room and respective persons.

14. A system according to claim 13, wherein said
transmitter is commonly used to transmit said radiation
and to transmit a speech signal supplied from the micro-
phone. | |

15. A system according to claim 14, wherein said
communication device provided in the helmet com-
prises means for modulating a carrier having a given
frequency in accordance with the speech signal sup-
plied from the microphone to produce a modulated
carrier, and said transmitter comprises an oscillator for
generating said carrier and an emitter for generating the
radiation whose intensity is modulated n accordance
wtih said modulated carrier.

16. A system according to claim 15, wherein said
carrier has a frequency specific to said helmet, and said
central control room further comprises means for dis-
criminating the frequency of the carrier to identify re-
spective persons.

17. A system according to claim 1, wherein said de-
tecting means comprises a sensor for detecting smoke,
flame or an abnormal temperature.

18. A system according to claim 17, wherein each
section further comprises means for preventing the fire,
and said central control room further comprises means
for actuating said fire preventing means in response to
said detection signal..

19. A system according to claim 1, wherein said cen-
tral control system comprises means for indicating the

~ detected abnormal condition in the construction.

- 20. A system according to claim 19, wherein the
central control room further comprises means for. dis-
playing the identification of one or more sections 1in
which the abnormal condition has been detected as well

as the detected positions of persons in the construction.
* * * * X
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